Abstract. Vertically-polarized S-waves (SV) attenuate rapidly as they diffract around the Earth's core, whereas horizontallypolarized S-waves (SH) propagate to large distances in the core shadow zone. The amplitude decay of diffracted SV signals is so strong that few studies have been made of these phases, despite their acute sensitivity to velocity structure just above the core-mantle boundary. We analyze SV signals in the penumbra of the core's shadow, finding systematic waveform complexities indicative of local stratification and apparent anisotropy at the base of the mantle, with implications for the dynamic processes in this internal boundary layer.
Introduction
The 200 km thick D" region at the base of the mantle is a major thermal, and possibly chemical, boundary layer in the mantle convection system [Lay, 1989] . Seismic waves that diffract along the core-mantle boundary (CMB) are sensitive to velocity structure in D", and have been extensively studied [Young and Lay, 1987] . Typically, diffracted wave analyses use compressional waves (P) and horizontally-polarized shear waves (SH). These waves both lose energy slowly as they diffract and can be observed throughout the core shadow zone (angular distances > 90ø). Vertically-polarized shear waves (SV) have received scant attention because they lose energy rapidly as they diffract, and SV observations beyond 105 ø are rare.
Inefficient SV diffraction is due to destructive interference with ScSV and the strong density increase at the CMB [Chapman and Phinney, 1972] . Vinnik et al. [ 1989] recently presented a few observations of SV arrivals at large distances in the shadow zone (> 105 ø) that could be caused by splitting of diffracted SH due to anisotropic structure in D" or by strong negative velocity gradients in D" close to the critical gradient which prevents diffraction from occurring. Since there are many observations of rapid amplitude decay of SV near the onset of the core shadow zone [e.g. Kind and Mtiller, 1977] , the observations of SV signals at large distances are probably associated with laterally heterogeneous structure in D", but additional analysis of SV waves is clearly warranted.
This study analyzes SV signals near the onset of the core shadow zone, termed the penumbra, where diffraction causes a rapid decay of SV with increasing distance. SV signals provide a different sensitivity to D" velocity structure than P or SH phases, and the subtle destructive interference effects that prevent efficient diffraction can be used to detect both internal stratification and anisotropy of D". Both features have important implications for processes occuring near the CMB. The reflectivity synthetics include a fault mechanism determined by the Harvard CMT inversion. For the periods being examined, the modeling cannot distinguish between a sharp discontinuity or a transition zone with the velocity increase distributed over a depth range of up to 50 km. We use sharp discontinuities for simplicity, but this should is not required by the data. The P velocity and density structure also have 2.1% discontinuities, but the synthetics are not sensitive to those parameters. An outer core P velocity structure proposed by Lay and [1989] that SV in the core shadow may reveal important attributes of D" velocity structure. In particular, when suitable signal quality is available SV signals near the core's penumbra are particularly sensitive to any stratification in D". This is because the energy turning just above the core is weakened by the onset of diffraction, allowing post-critical energy grazing along any shallower discontinuities to be clearly observed. In addition, the timing of diffracted SV and SH can potentially be used to detect anisotropic or other complex structure in D".
Most previous work on modeling D" shear velocity structure has relied on SH phases. It is encouraging that the SV signals exhibit complexity that can be modeled by the same class of models inferred from SH data. Simultaneous modeling of SH and SV for other regions using broadband data may provide tight constraints on laterally varying D" velocity structure.
Lay [ 1989] has discussed the implications of a shear velocity discontinuity, or transition zone near the top of the D" layer. This may be most readily interpreted as a manifestation of chemical layering, although the structure is not laterally continuous. Doornbos et al. [1986] have discussed possible anisotropy in D" in terms of strong shear flows in a thermal boundary layer in the lowermost 100 km of the mantle. Such a thermal boundary layer is required if recent estimates of very high temperatures in the outermost core are correct. The observation that the region under Alaska appears to show both laterally varying, but extensive stratification, as well as laterally varying S wave splitting indicates a complex environment. If the splitting is attributed to anisotropy, the lateral variation could be the result of gradients in the flow structure in the thermal boundary layer; however, it may also be possible to explain some of the splitting by localized strong positive gradients within the stratified zone, perhaps resulting from additional chemical heterogeneity. More complete imaging of D" structure is needed to constrain the process.
